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Abstract. Solar Photovoltaic (PV) electricity is one the most effective, eco-friendly, and sustainable source of energy. 
The amount of electricity produced by a PV system is directly affected by the level of solar irradiation incident to the PV 
panels. In the real operation, the dust from the surrounding environment falls and accumulates on PV panels. The 
accumulation of dust causes a decrease in the energy output of the PV system. This study was aimed to investigate the 
impact of dust on PV operation to its energy output under the urban climate of Surabaya, Indonesia. The study was 
conducted by comparing two identical PV panel systems, each of 300 Wp. For one system, the PV panels were manually 
cleaned regularly for the dust, while for another system is remained without any cleaning. Both systems were measured 
for its energy output, and the results are compared. The results showed that, during the dry season in Surabaya, the 
energy output from the cleaned PV panels system is higher by 20% in comparison with the uncleaned PV panels system. 
While, during the rainy season, both systems produce the same amount of energy. In total throughout the year, cleaning 
of PV panels system would increase the energy output of about 8%.  
INTRODUCTION 
 
The use of solar energy can reduce the need for fossil energy and in turn reduce the amount of greenhouse gasses 
being released into the atmosphere. Solar energy which is available and renewable in the form of the photon can be 
converted into electricity form directly using devices named photovoltaic (PV) system.  The efficiency of energy 
conversion is affected by many factors such as temperature, radiation, and dust. The presence of dust on the surface 
of PV modules significantly affects the performance of a PV system[1], [2].   
A quite number of studies on the subject of dust impact of PV system had been reported from different site of the 
world with different climates [2]–[6]. Study of dust effect on photovoltaic module for photovoltaic for various type 
of PV modules in Thailand was reported by Ketjoy and Konyu [1]. The results was used to derive a mathematical 
model for the local site. A study was reported by Mejia, e. al.,[5] from investigation of one year of power output 
from a PV site in Santa Clara, CA demonstrated how soiling decreases the efficiency of solar PV plants. Soiling 
effects were found to strongly depend on the dry exposure time of the panel. Soiling losses have their largest impact 
during the long dry summers. The losses caused by the accumulation of dust were estimated to be -0.0021 per day in 
relative solar conversion efficiency. 
The effect of the dust depends on the local area where the PV system is mounted, therefore it might  difficult to 
apply a general model or calculation in all cases [3]. From literature review it was found that a few  studies for this 
subject under condition of Indonesia have been reported.  
The objective of this study is to investigate the effect of dust on the energy output of  solar PV system deployed 
in Surabaya, East Java, Indonesia. As situated in around the equator line, i.e., 07° 19' 17.83" South and 112° 46' 
3.19" East, Surabaya has only two major seasons around the year, dry and rainy season. The dry season commonly 
occurs during April to October, while October – April is commonly rainy season. Based on the effect of dust on PV 
modules every season, the impact of action for cleaning modules is analyzed. The results and information from this 
study are expected to be useful for PV application development for larger scale in Indonesia.  
 
METHOD 
 Two identical PV systems named system 1 and system 2 ,  each 400 Wp, are mounted side by side on the  roof 
of a building. Both systems are identical in term of the system components, size, and configuration. Each system 
consisted of PV modules, a solar charge controller (CC), battery, and inverter. Energy produced by the PV system is 
used daily for powering electricity appliances.  The system configurations are as shown in Figure 1, while the 
specification of the components is shown in Table 1. The energy produced by each system are recorded using a 
power meter with data logger attached/connected right at the PV modules output (before the charge controller).  
 
 
FIGURE 1. Experimental PV systems configuration  
 
TABLE 1. System component and specification 
 
Component  No Brand Model Size Other 
PV Modules 2 I- Solar 1 SPU-180M 150 W Max Power Mono Crystalline Module 
Charge controller  
(CC) 1 S series SC-20 Load Current 20 A 
Self-consumption 6 
mA 
Battery 2 CIT BAT CT12 100FR 12 Volt 100 Ah 
No Data Sheet 
Found 
Inverter    1    Intelligent SP-1500  1500 W /Surge 3000 W 24 V DC => 220 V AC Modified Sine Wave  
During the dry season when the intensity of dust from surrounding commonly high, the PV modules for system 
1were regularly and manually cleaned weekly using water, while PV modules for system 2 were left without any 
cleaning treatment (naturally). During rainy season both systems do not need any cleaning treatment as the PV 
modules were naturally cleaned by rainwater. Figure 2 shows the photograph the typical appearance of PV modules 
for both systems during a dry season. 
 
 
 FIGURE 2. Photograph of modules system 1 and system 2 during dry season. 
 
RESULTS AND DISCUSSIONS 
During the rainy season, the result of  measurements for power and energy output from both system 1 and system 
2 are similar. The PV modules for both systems were naturally cleaned by rainwater. The surface of the modules are 
relatively clean, and it can be clearly visible. In this period, the impact of dust on the power output of the PV 
systems is considered very small. Solar irradiation during the rainy season varies between 2.0 – 4.5 kWh/day.m2 and 
the daily energy output ranged from 500 Wh to 1300 Wh per day. 
During the dry season, the daily solar irradiation is relatively high and constant in Surabaya, i.e.,  within 4.2 – 
5.8 kWh/day.m2. With this level of radiation, system 1 (cleaned modules) produced electricity ranged from 1200 – 
1400 Wh/day.  During 15 – 20 days of the first month of the dry season, the energy output by system 1 (cleaned 
modules) relatively similar to the system 2 (uncleaned modules).  The dust commonly falls onto the modules 
gradually, and it is accumulated day by day. The measurement indicated that  the impact of the dust was 
significantly affected  the energy output after about 25 – 30 days of dust accumulation without any rain. Therefore, 
during the dry season, whenever possible, a cleaning process for a PV system modules in Surabaya is recommended 
at least once per month to lower energy lost by dust impact. In this study, however, the cleaning process is applied 
every week (for system 1) to investigate the impact of dust on the energy output from the PV system. 
The impact of the accumulated  dust was significant and relatively stable ( the daily energy lost was relatively 
constant) for system 2 after 30 days of the dry season until the next rainy season arrived. Measurement results for 
output energy by system1 and system 2 for  6-consecutive days during the dry season is shown in Figure 3. The data 
was from measurements during the days after 2 months of dry season. Calculation results showed that during the dry 
season in Surabaya, the energy output from the cleaned PV panels system is higher about  20% in comparison with 
the uncleaned PV panels system as can be seen day by day in Figure 3. 
  
FIGURE 3. Daily energy output by system 1 (cleaned modules) and system 2 (uncleaned modules)  
 
The daily energy output from PV systems is from the accumulation of energy produced since morning to 
evening, i.e. the accumulation of the power produced by time. The comparison of power output between system 
1and system 2 for one day is shown in Figure 4. During higher solar radiation, the power output by system 1 was 
reached 296 Watt, at the same time system 2, produces power about 170 Watt. However, for a lower radiation the 
difference power output by both systems was lower, means that the impact of the dust is significant during high 
solar radiations. 
   FIGURE 4. Daily power output by system 1 (cleaned modules) and system 2 (uncleaned modules)  
 
As previously mentioned, the dry season in Indonesia, including in Surabaya where this study was taken place, 
commonly occurs during April to October, while October – April is commonly rainy season. However, in the recent 
past years, the dry or rainy seasons became more unpredictable. A particular study should be attempted to find the 
reasons for this situation. A rainfall intensity for a typical  year (2012) in Surabaya, taken from Meteorology, 
Climatology, and Geophysical Agency (Indonesian: Badan Meteorologi, Klimatologi, dan Geofisika, abbreviated 
BMKG) [7] is shown in Figure 5.  
 FIGURE 1. Rainfall intensity in Surabaya 2012. (Data source: BMKG [7]). 
 
With the reference of data in Figure 5, it can be seen that rain occurs during December to June (with different 
intensity). During this period the dust would not impact to the PV system power output. However a long dry season 
occur during June – November, means that the dust will impact on PV system about 5 months. Using this scenario,  
cleaning of PV panels system would increase the energy output of about 8% in total for one year. 
 
CONCLUSIONS 
The presence and accumulation of dust on the PV modules significantly affect the performance of a PV system. The 
dust commonly falls onto the modules gradually, and it is accumulated day by day. It was found that dust was 
significantly affected  the energy output after about 25 – 30 days of dust accumulation without any rain. Therefore, 
during dry season, whenever possible a cleaning process for a PV system modules in Surabaya is recommended at 
least once per month to lower energy lost by dust impact. Cleaning of PV panels system would increase energy 
output of about 8% in total for one year. 
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